Key points•ALD (alcohol-related liver disease) and NAFLD (non-alcoholic fatty liver disease) are the leading causes of chronic liver disease.•Obesity and alcohol synergistically increase the progression of fibrosis, mortality and enhance hepatic carcinogenesis.•Genetic polymorphisms strongly influence disease progression.•Based on pathogenesis, there are several potential targets that can be used to develop new treatments in these two diseases.

Introduction and disease burden {#sec1}
===============================

Around 844 million people suffer from chronic liver disease (CLD) resulting in approximately 2 million deaths per year.[@bib1] At present, alcohol and obesity are the leading causes of CLD in Western countries.[@bib2] The mean overweight and obesity rates have nearly tripled worldwide since 1975.[@bib3] In 2016, the World Health Organization (WHO) reported that more than 1.9 billion adults (39% of the world population) were overweight and that approximately 650 million of them were obese (13% of the world\'s population).[@bib3] In Europe, despite disparities among countries, more than 50% of the population is overweight and the obesity rate varies from 7% (in Italy) to 21% (in the United Kingdom).[@bib4]^,^[@bib5] As a result, around 422 million patients have diabetes worldwide with a mortality rate of 1.6 million deaths per year.[@bib6] The prevalence of the hepatic consequences of metabolic syndrome, termed non-alcoholic fatty liver disease (NAFLD), has also increased and has reached nearly 24% in Western countries.[@bib7], [@bib8], [@bib9]

Despite a global decrease in alcohol consumption in the past few decades, alcohol consumption remains high,[@bib10] with 10 litres of pure alcohol consumed per adult each year in Europe. Beer consumption is predominant in Northern and central Europe while in Southern Europe, people mainly drink wine. There has been a significant decrease in per capita consumption in the countries of Southern and Western Europe in the past few years (France, Germany, Greece, Italy *etc.*) while there has been a significant increase in Eastern and Northern Europe and the UK.[@bib10] There have been changes in the patterns of alcohol consumption, especially relating to binge drinking and episodes of heavy consumption. A recent report published in September 2019 by the WHO reveals that 30.4% of people report having consumed more than 60 g of pure alcohol on a single occasion in the last 30 days.[@bib11] Meanwhile, the issue of a "safe" quantity of daily alcohol consumption is still controversial. The Global Burden of Diseases group emphasized in its large study on the consequences of alcohol consumption that the risk of death or disability-adjusted life-years (DALYs) became significant from a daily alcohol consumption as low as 10 g/day.[@bib12] Thus, no level of alcohol improves health, as underlined by Burton & Sheron in their editorial.[@bib13]

When the development of cirrhosis is considered to be an endpoint, the risk becomes significant above 12--25 g/day.[@bib14]^,^[@bib15] However, individuals with excessive alcohol consumption will not all develop CLD, which emphasizes the role of cofactors such as obesity and insulin resistance. Due to the high prevalence of overweight/obesity and alcohol consumption worldwide, the presence of these conditions in the same individual is frequent and the presence of a combination of inflammatory lesions (alcoholic and non-alcoholic steatohepatitis) is plausible. Beside the consequences to the liver, the combination of alcohol and metabolic factors is associated with an increased risk of cardiovascular disease (20.8 million DALYs)[@bib12] and cancers.[@bib16] In obese patients, high alcohol consumption is associated with a higher risk (\>2-fold) of colorectal cancer than in obese patients with low alcohol consumption.[@bib17] The identification of patients with excess alcohol consumption and metabolic syndrome is important for the liver because fibrosis progresses faster in this group and they are at a higher risk of liver-related deaths and hepatocellular carcinoma (HCC).[@bib18], [@bib19], [@bib20] The European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases recommend not consuming more than 30 g/day for men and 20 g/day for women.[@bib21]^,^[@bib22] In fact, these cut-offs are used to differentiate alcohol-related liver disease (ALD) from NAFLD, even though the evidence supporting their use for this purpose is not strong. Patients are often divided into two groups (with ALD or with NAFLD) although this classification is somewhat arbitrary in certain situations.

The present review summarizes the pathophysiology of the metabolic syndrome and alcohol, and their consequences on the liver, focusing on the impact of inflammatory lesions.

Alcoholic steatohepatitis and non-alcoholic steatohepatitis: Definitions, clinical signs and histological features {#sec2}
==================================================================================================================

The spectrum of liver injury in ALD and NAFLD is quite similar. It ranges from steatosis, steatohepatitis to fibrosis, cirrhosis and HCC.[@bib23]^,^[@bib24] Histologically, non-alcoholic steatohepatitis (NASH) and alcohol-related steatohepatitis (ASH) are difficult to distinguish. These two entities include a certain degree of steatosis, lobular inflammation and ballooning. However, some lesions described in ASH are very rare in pure NASH, for example, portal acute inflammation, the presence of large numbers of neutrophils, sclerosing hyaline necrosis and cholestasis.[@bib25] Some other lesions such as fibro-obliterative and inflammatory lesions of the outflow veins, alcoholic foamy degeneration, and acute cholestasis are seen during ALD but have not yet been described in NAFLD[@bib26] ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Liver biopsy during alcoholic hepatitis and non-alcoholic steatohepatitis.Staining was performed using haematoxylin, eosin and saffron. Magnification is 400×. Please note the presence of cholestasis during ASH and of steatosis in NASH. Steatosis can disappear during ASH after alcohol withdrawal. Intensity of neutrophil infiltrate and of Mallory-Denk bodies are more prevalent in ASH than in NASH. ASH, alcohol-related steatohepatitis; NASH: non-alcoholic steatohepatitis.

In the early phases, most patients with NASH and ASH are asymptomatic but later jaundice can develop in ASH (especially in its severe form), while this clinical symptom is almost never observed in patients with NASH except if another cause of hyperbilirubinemia is present (*e.g.* infection, HCC, *etc.*). These entities can also be difficult to distinguish biologically. Having predominantly elevated aspartate aminotransferase (AST) rather than alanine aminotransferase (ALT) suggests a mainly alcoholic origin. However, the AST/ALT ratio is no longer specific in patients with cirrhosis.[@bib27] Elevated gamma glutamyltransferase (GGT), which is often used to assess alcohol consumption, can be difficult to interpret as it also increases along with body mass index (BMI).[@bib28] In addition, the sensitivity of GGT for detecting alcohol consumption is only 60%.[@bib29]

The assessment of fibrosis plays a key role in the management of patients with CLD. Transient elastography is a widely validated tool to assess fibrosis in both ALD and NAFLD,[@bib21]^,^[@bib29] although its diagnostic accuracy seems better in the former. It should be noted that the cut-offs for detecting advanced fibrosis (≥F3) are different for the two conditions: 12.9 kPa in patients with ALD[@bib30] and 9.6 kPa in patients with NAFLD.[@bib31] Thus, care should be taken when interpreting liver stiffness measurements in patients with excessive alcohol consumption and obesity or the metabolic syndrome ([Table 1](#tbl1){ref-type="table"}).Table 1Cut-off values of liver stiffness in kPa to detect hepatic fibrosis during ALD and NAFLD, according to the METAVIR classification.F0≥F2≥F3F4ReferencesNAFLD\<6≥7.5\>9.6\>14[@bib31]ALD\<6\>9\>12.9\>18.6[@bib30][^1]

Obesity/metabolic syndrome and heavy alcohol consumption can be observed simultaneously in the same individual and similar histological lesions can be difficult to attribute to ASH or NASH. Thus, in the literature, the term "BASH" for "both alcoholic and non-alcoholic steatohepatitis" has been proposed to define these patients.[@bib32]^,^[@bib33] This terminology is questionable and probably inappropriate since one of the two conditions is frequently predominant in an individual, while the other is more of a cofactor. In addition, this new terminology accentuates the role of inflammation while ASH, especially severe forms, has a different clinical presentation and a specific course.

Pathogenesis of NASH and ASH {#sec3}
============================

NAFLD and ALD share common pathogenic mechanisms[@bib34]^,^[@bib35] ([Fig. 2](#fig2){ref-type="fig"}). For example, oxidative stress, inflammation and adipose tissue play a role in the development of both alcoholic and non-alcoholic steatohepatitis.Fig. 2Common pathways in the pathogenesis of ALD and NAFLD, from alcohol, high-fat diet or obesity to inflammation and fibrosis.ALD, alcohol-related liver disease; NAFLD, non-alcoholic fatty liver disease.

Alcohol metabolism {#sec3.1}
------------------

Under normal conditions, ethanol is mainly metabolized into acetaldehyde in an oxidative process driven by alcohol dehydrogenase and a microsomal system based on cytochromes P450, in particular CYP2E1.[@bib36]^,^[@bib37] This microsomal pathway accounts for approximately 10% of ethanol biotransformation. Acetaldehyde is responsible for the generation of reactive oxygen species (ROS) which cause oxidative stress, endoplasmic reticulum (ER) stress and steatosis. In addition, after oxidation most acetaldehyde is converted into acetate by aldehyde dehydrogenase. This reaction is catalysed by NAD^+^/NADH and increases the amount of NADH in the liver.[@bib38] Alcohol dehydrogenase, CYP2E1 and aldehyde dehydrogenase are mainly expressed in hepatocytes, which explains why ethanol toxicity mainly affects these cells.

Glutathione plays an important role in the mitochondrial defence against constant ROS generation, especially hydrogen peroxide. However, chronic alcohol exposure causes glutathione depletion. Thus, the ethanol detoxification capacities are overtaken, leading to the accumulation of toxic metabolites in hepatocytes[@bib39]^,^[@bib40] and resulting in lipid peroxidation, organelle damage and enhancement of steatosis.

Diet, insulin resistance and NAFLD {#sec3.2}
----------------------------------

High daily caloric intake (especially intake of sugars, fats and carbohydrates) in modern society results in weight gain, insulin resistance and the development of fatty liver. Not all calories are alike. For example, many studies have confirmed the negative effect of fructose, a common component in sweeteners (sucrose, high-fructose corn syrup, *etc.*).[@bib41] Excess fructose intake leads to steatosis by increasing plasma triglyceride levels and *de novo* hepatic lipogenesis.[@bib42] Insulin resistance is an important step in the development of NASH and the composition of the diet can promote insulin resistance, whatever the BMI. Indeed, free fatty acids originating from dietary sources[@bib43] play a major role in the pathogenesis of insulin resistance. Excessive transport of dietary fat to hepatocytes and increased lipogenesis increase hepatic diacylglycerol content and the translocation of protein kinase C Epsilon (PRKCE) to the plasma membrane. PRKCE then impairs insulin signalling and its ability to activate glycogen synthesis and inhibit neoglucogenesis, leading to insulin resistance.[@bib44]

Under normal circumstances, insulin binds to its receptor on the surface of hepatocytes leading to the autophosphorylation of the tyrosine kinase part of the receptor and its subsequent activation. The kinase part of the insulin receptor then phosphorylates phosphatidylinositol-3-kinase (PI3K)[@bib45] which catalyses the conversion of phosphatidylinositol 4,5-bisphosphate to phosphatidylinositol 3,4,5-triphosphate (PIP3). PIP3 then catalyses the autophosphorylation and activation of protein kinase B (AKT). These changes have multiple effects,[@bib46] including: stimulation of glycogen production by inhibiting glycogen synthase kinase and thereby increasing glycogen synthase activity,[@bib47] suppression of gluconeogenesis and increased glucose transport from the periphery into hepatocytes through glucose transporters. Ethanol can also induce hepatic insulin resistance through the inhibition of the PI3K/AKT pathway by decreasing insulin receptor density, inhibiting the binding affinity between insulin and its receptor, and decreasing receptor phosphorylation.[@bib48]

Lipid accumulation in the liver in ALD and NAFLD {#sec3.3}
------------------------------------------------

Whatever the underlying mechanism, common pathways lead to steatosis in both entities through an imbalance in fatty acid synthesis and β-oxidation. In NAFLD, steatosis is the consequence of lipid accumulation whereas in ALD, it is the consequence of direct ethanol toxicity in hepatocytes. Macrovacuolar steatosis is more frequent than microvesicular steatosis in both entities, although the latter is more frequent in ALD and is associated with more severe disease.[@bib25]^,^[@bib49]

Chronic alcohol exposure induces activation of sterol regulatory element binding protein-1c (SREBP-1c) in ALD, which promotes fatty acid synthesis. It also induces downregulation of peroxisome proliferator-activated receptor-α, causing reduced lipid catabolism and leading to fat accumulation in hepatocytes.[@bib50] Similar impairments in lipid metabolism are involved in NAFLD. Hyperinsulinaemia---associated with insulin resistance---causes upregulation of the transcription factor SREBP-1c, which is involved in *de novo* lipogenesis (DNL), while β-oxidation is reduced, promoting lipid accumulation.[@bib51]

Acetyl-CoA carboxylase (ACC) is implicated in DNL through the production of malonyl-CoA. Carnitine palmitoyltransferase (CPT) is involved in mitochondrial β-oxidation. Both increased ACC and decreased CPT activity result in fat accumulation and steatosis. Chronic alcohol exposure inhibits AMPK (5′ adenosine monophosphate-activated protein kinase) leading to increased ACC and decreased CPT, and consequently to fat accumulation and steatosis.[@bib52]^,^[@bib53]

These mechanisms are potential targets for the treatment of lipid accumulation in both ALD and NAFLD.

Role of adipose tissue {#sec3.4}
----------------------

Adipose tissue also plays an important role in the pathogenesis of ALD and NAFLD. At a basal state, adipose tissue is a source of proinflammatory cytokines such as interleukin (IL)-6 and tumour necrosis factor-α (TNF-α) and produces adipokines (leptin, adiponectin). Leptin has proinflammatory actions that normally prevent lipid accumulation in adipose sites and the liver by lowering SREBP-1c expression.[@bib54] Adiponectin has anti-inflammatory effects by inhibiting the release of TNF-α and IL-6, secreting anti-inflammatory cytokines and blocking NF-kB activation.[@bib55] Adiponectin also improves both hepatic and peripheral insulin resistance.

There is an imbalance in adipokines due to insulin resistance and adipose tissue hypertrophy in most obese patients, with reduced adiponectin and increased leptin levels resulting in steatosis, inflammation and fibrogenesis.[@bib56] When the leptin level increases, its profibrogenic role is prevalent, as it activates hepatic stellate cells through the sonic hedgehog and mTOR pathways.[@bib57]^,^[@bib58]

Chronic ethanol exposure induces CYP2E1 in adipose tissue,[@bib59] resulting in inflammation. Activation of CYP2E1 causes oxidative stress and ER stress leading to adipokine dysregulation and the progression of ALD.

Dysbiosis, immunity, and inflammation {#sec4}
=====================================

The role of dysbiosis in the pathogenesis of both ASH and NASH has been shown in many studies. Germ-free mice are resistant to high-fat diet-induced obesity and hepatic steatosis.[@bib60] Animals transplanted with faeces from an obese donor accumulate more fat and develop exacerbated NASH compared to those transplanted from lean donors.[@bib61]^,^[@bib62] In a recent study, Bacteroidetes abundance was shown to be increased in patients with NASH. The proportion of *Ruminococcus* was lower in these patients and was associated with significant fibrosis.[@bib63] In another study in patients with biopsy-proven NAFLD, a decrease in Firmicutes and an increase in Proteobacteria (including *E. coli*) were observed in patients with advanced NASH-related fibrosis. *Ruminococcus obeum* was significantly lower in advanced fibrosis than in mild/moderate NAFLD,[@bib64] suggesting a specific microbiota signature related to liver damage during NAFLD.[@bib65]

Although microbial alterations are also found in patients with ALD, they are different to those in patients with NAFLD[@bib66] ([Table 2](#tbl2){ref-type="table"}). Certain patients with ALD have colonic dysbiosis, including a lower percentage of Bacteroidetes and a higher percentage of Proteobacteria than in non-drinkers.[@bib67] Along with the bacterial dysbiosis, a recent study also found changes in the abundance and composition of the faecal mycobiome (commensal fungi) in mice after chronic alcohol administration[@bib68] and in alcohol-dependent patients. Daily alcohol consumption for 10 weeks alters colonic mucosa-associated bacterial microbiota composition in rats.[@bib69] In another study, mice harbouring the intestinal microbiota from a patient with severe alcoholic hepatitis developed more severe liver inflammation, more liver necrosis, greater intestinal permeability and higher translocation of bacteria after alcohol challenge than mice harbouring the intestinal microbiota from an alcoholic patient without alcoholic hepatitis.[@bib70]Table 2Dysbiosis during NAFLD and ALD.DiseaseDysbiosisIncreased bacteriaDecreased bacteriaNAFLD*BacteroidetesRuminococcus*ALD*ProteobacteriaBacteroidetes*[^2]

Dysbiosis in both ALD and NAFLD leads to gut barrier dysfunction and increased intestinal permeability causing higher levels of endotoxins and enhancing pathogen-associated molecular pattern (PAMP)-induced liver inflammation. In fact, in ALD, chronic alcohol consumption results in increased intestinal TNF-α production causing disruption of intestinal tight junctions and intestinal barrier dysfunction.[@bib71] Studies in NAFLD have shown that alterations in the microbiome lead to endogenous production of alcohol[@bib72]^,^[@bib73] resulting in the same intestinal barrier dysfunction.

The liver is exposed to gut-derived toxins by receiving more than 50% of the blood from the splanchnic district and represents the first line of defence against bacterial-derived products such as lipopolysaccharides (LPS). Chronic alcohol exposure increases circulating LPS concentrations.[@bib74]^,^[@bib75] LPS and other PAMP molecules are recognised by pathogen-recognition receptors, including Toll-like receptors (TLRs, mainly TLR4 for LPS). After binding, LPS activates Kupffer cells resulting in the activation of mitogen-activated protein kinases (including JNK and p38), NF- κB[@bib76] and AP-1[@bib77] and the release of ROS and proinflammatory cytokines (TNF-α, IL-1 and IL-6).[@bib78] Leukocyte recruitment amplifies the inflammatory response to LPS. Besides LPS-TLR4, the activation of TLR2 and TLR6 (which are involved in the recognition of bacterial lipopeptides), and TLR9 (which recognises bacterial DNA-containing unmethylated CpG motifs) leads to an increase in the proinflammatory cascade.[@bib79]

The altered microbiome in patients with NAFLD, resulting in overgrowth of bacteria producing LPS and endogenous alcohol, induces increased intestinal permeability[@bib80] and bacterial translocation. Consequently, circulating levels of PAMPs increase, causing an inflammatory response through activation of liver cells.[@bib81] This disruption of the microbiome acts together with changes in adipose tissue to promote liver inflammation in obesity and NASH.

Role of genetics {#sec5}
================

Common genes have been identified in the pathogenesis of ALD and NAFLD.[@bib82] Genome-wide association studies have identified polymorphisms in the palatin-like phospholipase domain-containing 3 (*PNPLA3*) gene, especially the rs738409\[G\] variant, in the development and progression of NAFLD and ALD.[@bib83], [@bib84], [@bib85] The *PNPLA3* gene normally encodes adiponutrin, a protein involved in lipid metabolism. Patients with the rs738409\[G\] variant have higher DNL and expression of SREBP-1c and decreased secretion of triglyceride-rich lipoproteins from the liver.[@bib86] This leads to steatosis both in NAFLD[@bib87]^,^[@bib88] and ALD.[@bib89] Whatever the mechanism leading to the hepatic insult, patients with the rs738409\[G\] variant are at an increased risk of cirrhosis. In patients with excess daily alcohol intake, the odds ratio (OR) for cirrhosis is increased by 2-fold in rs738409\[G\] carriers compared to those not carrying this allele.[@bib84]^,^[@bib90] The meta-analysis published by Sookoian showed that there was a 3-fold greater risk of developing fibrosis in GG homozygous compared to CC homozygous individuals.[@bib85] In patients with NAFLD, GG homozygotes exhibit a 5-fold increased risk of HCC compared to CC homozygotes.[@bib91] An increased risk of HCC is also observed in rs738409\[G\] carriers with alcohol-related cirrhosis.[@bib92]^,^[@bib93]

The transmembrane 6 superfamily member 2 (*TM6SF2*) gene is a regulator of liver fat metabolism, influencing triglyceride secretion and hepatic lipid droplet content. The *TM6SF2* rs58542926 variant has been identified as a disease modifier in both ALD and NAFLD. In patients with ALD and this variant, the risk of cirrhosis is increased by 1.4-fold.[@bib94]^,^[@bib95] In patients with NAFLD, this variant was also associated with advanced hepatic fibrosis.[@bib96] The *TM6SF2* rs58542926 variant is associated with a 1.5-fold increased risk of HCC in patients with alcohol-related cirrhosis.[@bib92]^,^[@bib93] In patients with NAFLD, the link between this variant and HCC is unclear. Liu *et al.* found an association between the TM6SF2 E167K variant and the risk of NAFLD-related HCC (OR = 1.9). However, this allele was not independently associated with HCC after adjustment for confounding factors.[@bib96] The same result was found in a recent study.[@bib93]

Membrane bound O-acyl transferase 7 (MBOAT7) catalyses the transfer of an acyl-CoA to lysophosphatidylinositol, which regulates the proinflammatory effects caused by free arachidonic acid and eicosanoid. The rs641738 genotype at the *MBOAT7-TMC4* locus, encoding for MBOAT7 was associated with more severe liver damage and an increased risk of fibrosis in patients with NAFLD and ALD.[@bib94]^,^[@bib97]

In a study by Abul-Husn *et al.*, which explored the genetic factors underlying CLD from various causes, a variant (rs72613567:TA) in *HSD17B13*, encoding the hepatic lipid droplet protein hydroxysteroid 17-beta dehydrogenase 13, was found to be associated with a reduced risk of ALD and NAFLD. The risk of alcoholic cirrhosis was reduced by 42% among heterozygotes and by 73% among homozygotes. In addition, the risk of non-alcoholic cirrhosis was reduced by 26% among heterozygotes and by 49% among homozygotes.[@bib98] It seems that HSD17B13 modulates liver inflammation and fibrosis but does not play a significant role in lipid accumulation in the liver.

Overall, most evidence linking genetics and ALD or NAFLD underline the critical role of factors associated with lipid metabolism in the liver, from the early stages to HCC.

Combined effects of obesity, diabetes, metabolic syndrome and alcohol in patients with alcohol-induced liver disease {#sec6}
====================================================================================================================

The study by Bellentani *et al.* in a large cohort of individuals in Northern Italy was one of the first to show the combined effect of alcohol consumption and obesity on the development of hepatic steatosis, evaluated by ultrasonography. The prevalence of hepatic steatosis was 46% in non-obese heavy drinkers (\>60 g of alcohol per day) and 76% in obese patients who did not drink. Steatosis was observed in 94% of obese heavy drinkers, leading to a 5.8-fold relative risk of steatosis compared to non-obese controls.[@bib7] Several other studies have confirmed this association.

Impact of obesity and diabetes on the progression of ALD {#sec6.1}
--------------------------------------------------------

Alcohol and obesity synergistically increase the development of hepatic fibrosis and cirrhosis. The results of a French study published in 1997 showed that being overweight (defined as a BMI ≥25 kg/m^2^ in women and ≥27 in men) for at least 10 years was independently associated with the risk of steatosis, alcoholic hepatitis and cirrhosis.[@bib99] The same team confirmed these results in another study in 268 heavy drinkers.[@bib100] After adjusting for daily alcohol intake and total duration of alcohol abuse, the fibrosis score (\>F2) was correlated with the BMI. In another study performed in the UK for 6.2 years in 1,230,662 middle-aged women without hepatic disease at baseline, alcohol consumption (\>150 g/week) increased the relative risk of cirrhosis by approximately 3-fold. The deleterious association of alcohol consumption and obesity was confirmed by results showing that obese women who drink \>150 g of alcohol/week had a more than 5-fold increase in the relative risk of cirrhosis.[@bib101] However, obese women who drink moderate amounts of alcohol (\<70 g alcohol/week) were not at a higher risk of cirrhosis during the study period.

Obesity and diabetes increase mortality in patients with ALD {#sec6.2}
------------------------------------------------------------

Hart *et al.* analysed 9,559 men in a prospective study. After a median follow-up period of 29 years, the adjusted relative rates of liver disease-related mortality in individuals who drank ≥15 units per week were 3 for underweight/normal weight men, 7 for overweight men, and nearly 19 for obese men. The relative rate in obese men who consumed 1--14 units per week was 5.3.[@bib102] In another Japanese study in heavy drinkers, the presence of diabetes was a significant risk factor for mortality in both cirrhosis (OR 8.10) and non-cirrhosis groups (OR 4.38).[@bib103]

Obesity and diabetes increase the risk of HCC {#sec6.3}
---------------------------------------------

In a prospective population-based study in 23,712 Taiwanese residents who were followed for 11.6 years, there was an association between alcohol use (defined as those who consume alcohol at least 4 days per week for at least a year) and obesity. The risk of HCC in obese patients increased by 7-fold (unadjusted analysis) and 4-fold (multivariable-adjusted analysis).[@bib104] Another Finnish study in 6,732 individuals without baseline liver disease observed that diabetes was the only significant predictor (hazard ratio of 6.79) of a severe liver event in individuals at risk due to alcohol use (≥210 g/week for men,  ≥140 g/week for women).[@bib105] Another study performed in patients with ALD confirmed the higher risk of cirrhosis and HCC in diabetics compared to non-diabetics.[@bib106]

Impact of alcohol in patients with NAFLD: The unsolved controversy {#sec6.4}
------------------------------------------------------------------

While there is no doubt that heavy drinking is harmful for the liver whatever the BMI, the consequence of moderate alcohol consumption in patients with NAFLD is somewhat controversial. Certain studies suggest that it may play a protective role while others report a harmful effect. The controversy is due to the absence of randomized studies, which are impossible for ethical reasons. The controversy also persists depending on the type of alcohol consumed.

In a study based on the Third National Health and Nutrition Examination Survey, 7,211 non-drinkers and 945 modest wine drinkers (alcohol consumption up to 10 g per day) were included. A diagnosis of NAFLD (based on unexplained serum ALT elevation) was observed in 3.2% of non-drinkers and 0.4% of modest wine drinkers. The adjusted OR of NAFLD was 0.15 in modest wine drinkers (95% CI 0.05--0.49) after adjusting for cofounding factors (age, gender, race, neighbourhood, income, education, caffeine intake, and physical activity), suggesting a protective role.[@bib107] In a cross-sectional analysis of participants to the NIH NASH Clinical Research Network, 251 lifetime non-drinkers and 331 modest drinkers (under 20 g per day) were included. Compared to lifetime non-drinkers with proven NAFLD, modest drinkers had a significantly lower risk of being diagnosed with NASH, with an OR of 0.56. The OR of NASH decreased as the frequency of alcohol consumption increased within the range of modest consumption. They also had significantly lower ORs for fibrosis (OR 0.56) and ballooning (OR 0.66).[@bib108]

In a meta-analysis published by Sookoian *et al.* including 43,175 individuals (30,791 non-drinkers and 12,384 modest drinkers), moderate alcohol consumption was associated with a significantly lower risk of NAFLD (OR 0.68, *p* \<10^−8^). The effect was greater in women than in men.[@bib109] The risk of developing NASH in the 822 patients with NAFLD was lower in those with moderate alcohol consumption with an OR of 0.5. The extent of fibrosis was also less severe in patients with moderate alcohol consumption. The type of alcohol consumed seems to be critical in determining the potential positive effects of moderate alcohol consumption in NAFLD. In an animal model of NAFLD, resveratrol (the wine polyphenol) decreases steatosis in mice fed with a high-calorie diet.[@bib110] Dunn *et al.* found that modest wine consumption was associated with a decreased risk of advanced fibrosis in NAFLD, while there was no benefit in beer drinkers.[@bib107] In addition to its potential role on the liver, wine consumption seems to decrease the risk of death from all causes, including cardiovascular and cerebrovascular events. In a large European study, the decrease in risk in wine drinkers was approximately 50% compared to that in non-wine drinkers.[@bib111]

In another study that was not included in the meta-analysis by Sookoian *et al.*, 71 patients with biopsy-proven NASH or NAFLD with a mean follow-up of 13.2 years showed that limited alcohol intake was independently associated with significant progression of fibrosis. In the same study, two other independent factors for the progression of fibrosis were identified including heavy episodic drinking and insulin resistance.[@bib112] In addition, Ascha *et al.* found an association between alcohol consumption and HCC in patients with NASH-related cirrhosis, with a relative risk of approximately 4.[@bib19]

In summary, evidence suggesting that moderate daily alcohol consumption is beneficial in patients with NAFLD is limited. This impact, if it exists, seems only to be observed in wine drinkers. However, based on the conclusion of a Danish cross-sectional study, the putative positive effect of moderate wine consumption could be explained by the fact that wine buyers compared to beer buyers make more purchases of healthy food items.[@bib113] In addition, it must be remembered that moderate daily alcohol consumption is associated with a higher occurrence of non-hepatic diseases such as breast cancer in women and tuberculosis both in men and women.[@bib12] Thus, it is neither safe nor based on strong evidence to recommend moderate alcohol consumption in patients with NAFLD.

Treatments {#sec7}
==========

Lifestyle interventions {#sec7.1}
-----------------------

The detection of early stages of ALD and NAFLD is essential because certain lesions (*i.e*. steatosis) may be reversed. Besides pharmacological treatment, certain lifestyle changes can be helpful for both ALD and NAFLD. EASL guidelines state that prolonged abstinence is needed to prevent the progression of fibrosis and the risk of HCC in patients with ALD.[@bib22] In addition, the identification and management of cofactors including insulin resistance and obesity are recommended. Consumption of alcohol and of sweet foods share the same reward pathways in the brain.[@bib114] To overcome cravings after alcohol withdrawal, patients frequently increase their calorie intake (especially sweet food consumption).[@bib115]^,^[@bib116] This leads to weight gain[@bib117] and eventually obesity. Nutritional assessment along with regular physical exercise is then recommended and should be incorporated in the global strategy. A similar intervention is required for patients with NAFLD, in particular dietary restrictions and regular physical exercise, with EASL advising patients to target weight loss of 7 to 10% of bodyweight.[@bib21] This is based on a large body of evidence, such as the study by Vilar-Gomez *et al.* showing that weight loss through lifestyle changes is associated with the resolution of steatosis and NASH, improvement in insulin resistance and regression of fibrosis. However, only 10% of patients successfully achieve this level of weight loss.[@bib118]

Coffee drinking seems to have beneficial effects on the risk of cirrhosis. In a recent meta-analysis, drinking up to two cups of coffee per day decreased the risk of alcoholic cirrhosis by nearly half after adjustment for confounding factors including alcohol consumption.[@bib119] Other studies confirm the protective effect of caffeine on the risk of NAFLD, NASH and the progression of fibrosis[@bib120], [@bib121], [@bib122], [@bib123] and HCC.[@bib124]

Medical treatments {#sec7.2}
------------------

Lifestyle changes (*i.e.* control of body weight and absence of regular drinking) are crucial in the management of patients with NAFLD and ALD. However, as mentioned above, only a minority of patients with NAFLD achieve weight loss and some regular drinkers still consume alcohol despite medical advice. Thus, pharmacological interventions may be needed.

Unfortunately, there are no recommended medical treatments for NAFLD.[@bib21] Corticosteroids are the only validated treatment for ALD in the subgroup of patients with severe alcoholic hepatitis.[@bib125] No other therapeutic options are recommended in this group except those targeting alcohol addiction. Based on the common pathogenesis of ASH and NASH, new therapies are being evaluated to treat both conditions.

FXR (farnesoid X receptor) agonists have multiple actions on glucose and lipid metabolism. Activation of FXR increases glycogen synthesis and fatty acid oxidation in the liver and has anti-inflammatory and anti-fibrotic effects.[@bib126] Obeticholic acid, a synthetic FXR agonist, was the first agent to enter phase III development for NASH after promising results in the phase II FLINT study.[@bib127] The interim analysis of this phase III study, REGENERATE, including 931 patients, was completed in February 2019. Although the study reached the primary endpoint of an improvement in fibrosis of ≥1 stage with no worsening of NASH in the intention-to-treat population, there was no significant difference in the proportion of patients achieving NASH resolution without worsening of fibrosis.[@bib128] A phase II placebo-controlled randomized clinical trial ([NCT02039219](NCT02039219){#intref0010}) using 10 mg of obeticholic acid daily for 6 weeks has been completed in patients with alcoholic hepatitis and a model for end-stage liver disease (MELD) score of between 12 and 19; the results are awaited.

Apoptosis signal-regulating kinase 1 (ASK-1) activation leads to phosphorylation of p38 and JNK, causing activation of stress response pathways that worsen hepatic inflammation, apoptosis, and fibrosis. Inhibition of ASK1 has been proposed as a target for the treatment of NASH and alcoholic hepatitis. Despite encouraging results from a small phase II study,[@bib129] selonsertib failed to improve NASH or fibrosis in the phase III STELLAR study.[@bib130] In a phase II clinical trial in 102 patients with severe alcoholic hepatitis, selonsertib was evaluated in combination with prednisolone. There was no survival benefit at 28 days in treated patients compared to those receiving placebo, and no difference in the Lille response or infection rates. Although there was no therapeutic response with selonsertib in NASH or ASH, strategies targeting ASK1 are still interesting.

Many drugs with various targets are currently being evaluated in the field of NAFLD: thyroid hormone receptor-beta agonists, aramchol (a steroyl-CoA desaturase-1 inhibitor), *etc.*[@bib131] The therapeutic landscape is expected to evolve in the coming years.

Other strategies: targeting gut-liver axis and bariatric surgery {#sec7.3}
----------------------------------------------------------------

Some studies have attempted to modify microbiota during NASH and ASH. While animal studies are encouraging, human data are less clear-cut. A pilot study[@bib132] has suggested that giving probiotics to heavy drinkers was associated with improved liver tests, but this has not been confirmed to date. Another pilot study tested the impact of faecal microbiota transplantation in 8 patients with severe alcoholic hepatitis, with encouraging results.[@bib133] However, these results must be validated in ongoing trials. In NAFLD, the administration of rifaximin for 6 weeks in patients with biopsy-proven NASH did not modify aminotransferases or hepatic lipid content.[@bib134] Thus, strategies targeting dysbiosis during ASH and NASH cannot be regarded as effective at present.

In patients unresponsive to lifestyle changes, bariatric surgery can be considered. Indeed, bariatric surgery is associated with the disappearance of NASH in 85% of morbidly obese patients.[@bib135] Many studies have confirmed the increased risk of alcohol use disorder or dependence mainly during the 5 years following bariatric surgery.[@bib136], [@bib137], [@bib138], [@bib139] This underlines the importance of screening alcohol use disorders in candidates for bariatric surgery. In addition, bariatric surgery influences alcohol metabolism due to the increased absorption of ethanol in the stomach and the intestine.[@bib140]^,^[@bib141]

Conclusion {#sec8}
==========

In conclusion, while metabolic syndrome and alcohol consumption are the two main causes of CLD, one of the two conditions is often predominant, with the other acting as a cofactor of morbimortality. While abstinence has clearly been shown to prevent disease progression and complications in patients with ALD, there is still controversy surrounding moderate alcohol consumption in patients with NAFLD. Based on the common pathogenic pathways of ASH and NASH and the lack of effective treatments, new therapies and clinical trials are urgently needed.
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